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Abstract [Aim] To investigate the expression profile of the S-N-acetylhexosaminidase 4 gene (AmFdl) in different tissues
and developmental stages of Apis mellifera workers, and to characterize the molecular properties and conserved domains of its
encoded protein, thereby providing a foundation for the further functional investigation of this gene. [Methods] The

transcription of AmFdl was detected using RT-PCR followed by agarose gel electrophoresis, and its expression in various
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tissues and developmental stages was analyzed using RT-qPCR. The physicochemical properties, molecular features,
conserved motifs and functional domains of AmFdl were predicted and analyzed using appropriate software, after which a
phylogenetic tree was constructed. [Results] AmFdl was differentially expressed in different tissues. Highest expression was
in the hypopharyngeal glands, which was significantly higher (P < 0.05) than that in the brain, midgut, fat body, cuticle and
venom glands. With respect to eggs and larvae, expression was highest in worker bee eggs, and thereafter gradually decreased
with larval age. With respect to worker bees, expression was highest in 2-day-old workers, significantly higher (P < 0.05) than
that in 1-day-old or 6-day-old workers, and lowest in 6-day-old workers. AmFdl encodes 717 amino acids, has a molecular
weight of about 80.8 kD, an average hydropathy index of - 0.359, and does not contain a typical signal peptide. The FDL
proteins of the Apis mellifera, Apis cerana, Frieseomelitta varia, Bombus vosnesenskii and Bombus impatiens, all contain the
same two structural domains, GH20_HexA_HexB_like and Glycohydro 20b2, and AmFdl also have five conserved motifs.
The FDL proteins of Apis mellifera and Apis cerana cluster together on the evolutionary tree. [Conclusion] The AmFdl gene

is predominantly expressed in the hypopharyngeal glands and eggs of Apis mellifera workers. AmFdl is a hydrophilic,

R HEE 2R Chinese Journal of Applied Entomology 63 %

non-transmembrane protein with conserved motifs and functional domains.

Key words  Apis mellifera; -N-acetylhexosaminidase; spatio-temporal expression profile
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Table 1 Primer sequence used in this study
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ATGGTGGGCAACAT
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ACCCGGGCAAATGT PCR
Amfdl-cds-R CTCTGA
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Fig. 3 Relative expression level of AmFdl gene in different developmental stages of Apis mellifera worker
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Fig. 4 Hydrophilia (A), signal peptide (B), phosphorylation site (C), secondary structure
(D) and tertiary structure (E) of AmFDL
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» GH20_HexA_ HexB-like

Glycohydro 20b2
® Glyco_hydro_20b superfamily

Yi7f Species Protein aquence no. {8 Locations o GH20_hexosaminidase superfamily
V7 44 Apis mellifera XP_006567490.1 —
HRI7 ¥ Apis cerana XP_061935597.1 ~ ——————— -
SB KB W Apis laboriosa XP_043789915.1 ——— Q-
JNEWE Apis florea XP_003690225.1 — (-
T Frieseomelitta varia XP_043507148.1 S —
S AR HRAGEE Bombus impatiens  XP 0034923053 ~ — = o=
KE# ¥ Apis dorsata xp_031367385.1 — -
REI%E Bombus vosnesenskii XP_033358840.1 — —
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Fig.5 Comparison of conserved structural domains in FDL proteins between Apis mellifera and other seven species
Yirp HHFIIS PlE L B Motif locations
Species Protein aquence no.  P-value
TiHr W Apis mellifera XP_006567490.1 2.99x1072% ] B ]
FR)7 B W Apis cerana XP_061935597.1 7.95x10°% | B ]
M35 W Apis laboriosa XP_043789915.1 1.62x102¥ [ B
/NEEWE Apis florea XP_003690225.1 4.78x107%5 | [ I
FHMe Frieseomelittavaria ~ XP_043507148.1 6.16x1020 NI [1 B
SENARERAEYE: Bombus impatiens XP_003492305.3 4.47x102+ I [1 B
KB Apis dorsata XP_031367385.1 1.23x1072% ] [
REWE Bombus vosnesenskii XP_033358840.1 6.73x10°5 B ]
P bri — B F5
Motif  Symbol Motif consensus
1 Emmm IDGMAASKLNTFHWHISDSQSFPFDSAQFPEMARWGAYSGDQIYTPDDVK
2 [ EVNLDCWAQYGNITAAMQAQNMTDHHAMWAEFETKMLHRLVKANRDETPK
3 @ YGELALCVDQQPWSSYCGEPNCGQLNPINEHTYRILEGLYK
4 mEEE WMRKILLFLVLITGILLIAMYAHAPPLASLQPFSSRRTFQSPWSWVCVAG
5 [ LLWPRPTGNVLLGEESVIVHLQQIEFVTVNTSDQETRNLLEHAKDVFIGN

Eo

BAEEMEMM 7 M HME FDL @5RFEF

Fig. 6 Comparative analysis revealed conserved motifs in the FDL proteins of Apis mellifera and seven other species
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®2 BEHEEMEAM 7 MTE FDLHE

Table 2 Summary of FDL in Apis mellifera and other seven species

Y Wi NCBI GenBank {4 2 15
Species Number Accession number in NCBI GenBank database

WT % % Apis mellifera 11 LOC411490

MK W% Apis laboriosa 5 LOC122713481
KEZ W Apis dorsata 2 LOC102675172
IR ¥ ¥ Apis cerana 7 LOC107997776
INE W Apis florea 7 LOC100871801
TeH| ¥ Frieseomelitta varia 2 LOC122527224
AEME Bombus vosneseskii 4 LOC117233990
FE MR TBAEWE Bombus impatiens 4 LOC100740428

KW Apis laboriosa XP 043789915.1

K& Apis dorsata XP 031367385.1

JNEE W Apis florea XP 003690225.1

TU T 1% Apis mellifera XP 006567490.1

T B Apis cerana XP 061935597.1

100

85
100

100
100

BB Bombus vosnesenskii XP 033358840.1

TeH|¥E Frieseomelitta varia XP 043507148.1

EWNZRFRAEIE Bombus impatiens XP 003492305.3

7 SBIEREMEET FDL WEAEESHA 7 MM RS H ALK
Fig. 7 Phelogenetic tree of Apis mellifera and other seven species based on FDL by neighbor-joining method
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A& ( Léonard et al., 2006 ; Nomura et al., 2010 ),
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AN R B BN FRIBIKT, B R R A

Tk X Ae R TiRe , I AWM B 2F ik
Xt AmFEdl #95FHEE AR AL A T 0 Fn 4y
Mr, NiE—JBIF AmFdl BYIRERF S S At It

ARG LRI AmFdl FERAE PG )75 e b B2
ik (E 1), AmFdl 7EVG )75 W T WA i
Tk, i iaskz (& 2),
AmFdl V] REAE VY 77 % 0 T 0 (W B v ) e
(B IR IR IS4k, DL i ff 1) Ak 28R 25y T
RAFWTEREENE . R BoRBIE RS DmFdl
FE SR h ek iy, e AR ik
AR, A6 B AN O S LT Je i A I ) Cattaneo
et al., 2006 ), HuHESIME CeFdl BENAESE LT
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23k ( Pasini et al., 2011 ), 75 W FKEE Ostrinia
Surnacalis W, of Fdl $& PRIAE M A1 R HUT 5% SR K
SEAFAE S O 25 5, A AR g ek
FE TR MRS LR RN, Fal ZEHTTHE
7 R MM AR A AR B R R A L TIRE, LT R
Z 5RO B T & AR R A . AmFdl
FEVG )7 e TR R & & B B 28 i o
HAEOP i RIB AT e, BRI Rk i it
W RS, RUTZIE R T REAE BN & B i AR
H R R EE ) RE , (R BRI BT M R R AT
o BIHBEL, AmFdl 7E 2 HE g ki
o M6 Hid iR, Rifs Hss, 3L H )
FOREH TR (K 3), ZaEE TN
P I H S T8 H 2B I 4 R
LR RS (E/DRE, 2011), [ SLHED
AmFdl W RES 5 R VG J7 B 4l T N
1RG5,

G B & AmFDL &4 717 &
HER, TRV RN 78.24, ML S N 7.26, %
B R M S R 5 P S LR Y A AR
78 o FHIZEKRECH - 0359 (K 4. A), H
AP ) R E S TS (K 4. B), iR
TERHIFERI, AmFDL o] RE—F SRk EEH, JF
VLRS- A AE T o DA 25 5T 17 e
W T8 AmFDL M FREMIFE & TR E R
AW RIIE RN E N | R . Tl
REIE FIZE VN ZR R e e ) FDL 2 P 2 %) 2 4
4 57 45 #4 % . GH20 HexA HexB like il
Glycohydro 20b2( & 5 ). FEE2 H{H, Glycohydro
20b2 [ E5F IS BEPRSF o Glycohydro_20b2 fX3%
FAZAEY) B-N-C BRHIEREGT) N AR unsb i, 1
IR (Xieral., 2024 ), {EVE )5 %1 FH:
fih 6 Fp LUK FDL AR5 % 5] 4 AMESFIT, AE
VAU 2 MESFRT (F 6), PE & S57RJr
WM FDL SRR R oG (B 7). LA Lgh
AL, AmFDL 78 LR PG 5 % e T e 4y iy
T B B I ORSEME, IF T ReE R B R b R
FHLRE P 2E Dy

W98 F B Hex f&—Fhnl WK R, 25
VMR T SR 5 PR A ( Magini et al., 2008 ),

Hex i85 9% FHF X i #5500 w025 1Al (L
etal., 2018 ), HA, FDL 7& B R h i ss iz,
T B — A5 B DI RE o AR 5T AT i —
HHRVT Fdl 16 V5 )7 S0 N IR h 9 AR RRE, )
BRI SRR I Ak T IR & A R
BILTH o Al AT 52 i 2 Mg e 1 SR 1 S DA e
(775, FE e I SR A R R B O LA R
EH.
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